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Action Potential Duration and Functional Refractory Period of Canine
False Tendon, Papillary Muscle and Ventricular Epicardial Cells*

E. NEIL MOORE**
Department of Physiology, State University of New York

Downstate Medical Center, Brooklyn, N. Y.

In the case of premature extrasystoles
and other dysrhythmias, the relationship of
the Purkinje functional refractory period
(FRP) to that of ventricular muscle as-
sumes considerable importance in cardiac
impulse conduction. In vivo experiments,
using indirect recording methods, suggest
that the canine Purkinje system has a
shorter FRP than ventricular muscle. Op-
posite results have been reported in vitro
using the intracellular recording technique.
In an effort to clarify this apparent dis-
crepancy, simultaneous intracellular record-
ings have been made from canine false
tendons and papillary muscle during sys-
tematic variations in in vitro conditions.
These in vitro studies have shown that
alterations in the ionic composition of the
perfusion fluid, substitution of blood or
plasma for Tyrode's, the effect of time lapse
following removal of the cardiac prepara-
tion from the animal, and addition of
varying amounts of acetylcholine and/or

* Presented at the Scientific Session on Research
of the New York Heart Association, Inc., held
at The New York Academy of Medicine, April
23, 1962.

** Postdoctoral Fellow, U.S. Public Health Serv-
ice.

epinephrine, do not change the in vitro re-
lationship of the false tendon and papillary
muscle FRP's and action potential dura-
tions (APD's). The only variable which was
found to markedly influence this relation-
ship was cycle length. At very short cycle
lengths, produced by premature responses,
the FRP and APD of false tendon and
papillary muscle cells approached each
other. In some experiments the FRP's of
premature false tendon responses were less
than corresponding papillary muscle values.

In another series of experiments the re-
lationship between the APD's and FRP's
of canine epicardial and endocardial cells
was investigated. It was found that the
epicardial cells had a shorter FRP and
APD than endocardial units when studied
at physiological rates. When simultaneous
intracellular action potentials from epi-
cardial and endocardial units were led into
the two inputs of a differential amplifier,
upright depolarization deflections ("QRS")
with upright repolarization waves ("T
waves") were observed. It is suggested that
the difference in the FRP's and APD's of
the epicardial and endocardial units may ac-
count for the direction of the T-wave in the
electrocardiogram.

Bull. N. Y. Acad. Med.
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Lysine Uptake and Potassium Loss by Human Erythrocytes*

HUGH J. CARROLL AND ALLAN M. WOLFE
Department of Medicine, New York University School of Medicine

A number of studies on hypokalemic
alkalosis in animals suggests that basic
amino acids, particularly lysine, may func-
tion as intracellular cations. As an approach
to the investigation of the mode of trans-
port of basic amino acids into cells, the
uptake of lysine by human erythrocytes has
been studied. Human erythrocytes sus-
pended in plasma or in nonprotein media
were incubated at 370C. with radioactive
lysine. Lysine entered the cells and potas-
sium accumulated in the medium.
The following observations suggest that

lysine enters erythrocytes by passive dif-
fusion:

1) Blocking anaerobic glycolysis with
iodoacetate did not interfere with lysine
uptake.

2) The amount of lysine entering the cells
was a constant fraction of the amount avail-

* Presented at the Scientific Session on Research
of the New York Heart Association, Inc., held
at The New York Academy of Medicine, April
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This investigation was carried out during the
tenure of a Senior Research Fellowship of the
New York Heart Association. Inc., and was
supported in part by U.S. Public Health Serv-
ice Grant #81154051.

able, even at very high plasma lysine con-
centrations.

3) The uptake of lysine increased greatly
as the pH of the medium was raised. Since
the alpha amino group is not ionized at
high pH it is suggested that the molecule
diffuses more rapidly when it carries no
net charge.

4) Comparison of uptake rates at 370C
and 4VC shows that the Q10 is about 1.8.
Such a figure is suggestive of a passive
process.

Analysis of the uptake rate at different
pH levels indicates that lysine enters the
cells at two different rates which seem to
represent the rapid diffusion of the molecule
with no net charge and the slower diffusion
of the molecule with a net positive charge.
As lysine entered the cells, potassium ac-

cumulated in the medium. There did not ap-
pear to be any alteration in the transport of
sodium and chloride.
Measurements were made of the extent to

which lysine is bound to hemoglobin. On the
basis of the figures for binding, the amount
of free lysine inside the cells was calculated
and found to be close to the amount of
potassium accumulating in the medium.
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Correlates of Renal Hemodynamics and Function in Hemorrhagic Shock
in the Intact Dog: The Absence of Autoregulation of Renal Blood Flow

and Glomerular Filtration Rate*

STANLEY I. HARRIS*", ELIZABETH MALLONGA, ROBERT H. GOETZ AND

DAVID STATE
Department of Surgery, Albert Einstein College of Medicine, New York

While it is generally agreed that auto-
regulation of renal blood flow (RBF), i.e.,
constancy of RBF with alterations of blood
pressure (B.P.), is absent following hemor-
rhage, such studies have been limited to the
isolated kidney or to the in nitu perfused
kidney. Furthermore, since urine flow is not
usually obtainable below 60 mm. Hg in the
dog, there have been no studies on the in-
tact animal which correlate changes of B.P.
to glomerular filtration rate (GFR) and
urine flow during hemorrhagic hypotension.
Utilizing THAM, an amine buffer, and Man-
nitol, an osmotic diuretic, in order to obtain
urine at low blood pressures, it was possible
to derive information on the relationship of
RBF, GFR, and urine flow to alterations
of B.P. in the intact dog during shock.
Mongrel dogs were subjected to hemor-

rhagic shock for at least 20 minutes at B.P.
40-60 mm. Hg. Alterations of B.P. between
20 and 90 mm. Hg or higher were then

* Presented at the Scientific Session on Research
of the New York Heart Association, Inc., held
at The New York Academy of Medicine, April
23, 1962.

** This investigation was, in part, supported by
and undertaken during the tenure of a Post-
doctoral Fellowship of the U.S. Public Health
Service #HPD-18,048; and Grants NIH H3743
and NIH H4248.

accomplished by varying the height of the
bleeding reservoir which was open and in
continuity with the femoral artery. In-

fusions of THAM and Mannitol (8 ml./
min.) were administered separately, either
prior to or after shock. Mean B.P., urine
flow, blood pH, and direct RBF were re-

corded. Creatinine clearances were obtained.
The results indicate complete absence of

renal autoregulation of RBF and GFR fol-
lowing severe hemorrhagic shock in the in-
tact dog. The pressure/flow and pressure/
filtration curves tend to be linear or convex

to the pressure axis. The pattern for urinary
flow differs only slightly from that of glo-
merular filtration rate, as reflected by the
relatively constant U:P ratios for creatinine.
The findings are observed, both when the
renal vascular resistance (RVR) is reduced
following THAM, as when the RVR re-

mains elevated as generally found in shock.
It suggests, therefore, that the potential re-

activity of the renal arterioles for dilation
or constriction is not lost during shock, and
that the state of vasomotor tone per se does
not constitute the basis for the absence of
the autoregulation mechanism. Furthermore,
it favors the preglomerular arteriolar vaso-

motor localization for the simultaneous reg-

ulation of RBF and GFR.

Bull. N. Y. Acad. Med.
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Effects of Urea on Renal Concentrating Capacity in Man*

PHILIP R. STEINMETZ**
Department of Physiology and Biophysics, and Department of Medicine,

New York University School of Medicine

The effects of exogenous urea on renal
concentrating capacity were studied in
moderately hydropenic subjects with low
basal urine urea concentration (Uu1), in
whom maximal ADH activity was ensured
with vasopressin.

In six subjects the rate of solute-free
water reabsorption, calculated as TH20, was
determined during urea diuresis from 2 to
7 ml./min. and compared with diuresis in-
duced by a non-permeant solute (mannitol).
For any given Cosm, T was approxi-
mately the same with mannitol and urea,
providing Uosm had been similar in the
prediuretic state.

* Presented at the Scientific Session on Research
of the New York Heart Association, Inc., held
at The New York Academy of Medicine, April
23, 1962.

Supported by Grant H-4076 from the National
Heart Institute of the National Institute of
Health.

* Postdoctoral Research Fellow of the U.S. Pub-
lic Health Service.

In three subjects, in whom basal Uur was
varied with protein intake, repeated ob-
servations were made with small urea and
mannitol loads. T'H0 increased with urea,
as compared with mannitol, at urine flows
below approximately 2 ml./min., whenever
basal Uur had been low. With steady
diuresis over 2 ml./min., however, TH20
did not increase, even if basal Uur had
been low. Enhancement of concentrating
capacity was only observed when the re-
absorbed fraction of the filtered load of
urea was high (from 55 to 65 per cent, as
determined from the Cur/Cer ratio).
These observations indicate that the role

of urea in the concentrating operation in mall
depends on the rate of urine flow. At high
V, the osmotic predominance of urea in the
urine does not affect the rate of solute-free
water reabsorption; at low V, however, urea
may accumulate in the renal medulla and
thereby increase the maximal osmotic
pressure of the urine.
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The Regulation of Coronary Blood Flow*

PAUL W. MOSHER**, JOHN Ross, JR., PATRICIA A. McFATE AND

ROBERT F. SHAW
Department of Surgery, College of Physicians and Surgeons and Biomedical Engineering Laboratory,

Electronic Research Laboratories, School of Engineering and Applied Sciences,
Columbia University, New York

The regulation of coronary blood flow has
been investigated in open-chest anesthetized
dogs. Cardiac effort was maintained at a
steady level for extended periods while
blood flow in a major coronary branch was
subjected to sudden perturbations by im-
position of sudden changes in coronary per-
fusion pressure. Different levels of stable
cardiac effort were attained by transfusion,
bleeding, or aortic constriction. A modifica-
tion of perfusion techniques permitted de-
termination of the instantaneous pressure-
flow characteristics of the myocardial bed,
i.e., for a particular level of vasomotor tone.
In each of over 400 observations in 14

dogs, a characteristic vasomotor response
to pressure steps from control to perfusion
pressures ranging from 20 to 240 mm. Hg.

* Presented at the Scientific Session on Research
of the New York Heart Association, Inc., held
at The New York Academy of Medicine, April
23, 1962.

This work was supported by U.S. Public
Health Service Research Grant H-5032 and
National Aeronautics and Space Administra-
tion Research Grant NsG-112-61.

** U.S. Public Health Service post-sophomore Re-
search Fellow.

occurred. Abrupt changes in perfusion pres-
sure caused abrupt changes in flow; within
0.5 seconds active coronary vasomotion in-
tervened to return flow toward its normal
level and stabilized flow within 8 to 30
seconds.

Poststabilization pressure-flow curves con-
structed from these pressure steps demon-
strate:

1) complete compensation with inde-
pendence of coronary flow from perfusion
pressure over the range 70 to 145 (average)
mm. Hg;

2) linear relationship between pressure
and flow below 70 mm. Hg with critical
closing pressures of 15 to 27 mm. Hg;

3) correlation between the level of regu-
lated coronary flow and cardiac effort.

Instantaneous pressure-flow curves dem-
onstrate steeper slopes and higher critical
closing pressures as vasomotor tone in-
creases.
The studies demonstrate an autoregula-

tory mechanism within the coronary bed
which regulates coronary flow independent
of perfusion pressure and in accordance
with myocardial needs.

Bull. N. Y. Acad. Med.
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Primary and Secondary Pulmonary Vasopressor Responses to AcetyIcholine
Demonstrated by the Wedged Catheter Perfusion Technique*

SEIICHI SHIMOMURA, RICHARD N. PIERSON, JR., VELJKO KRSmULOVIC**
AND A.L. LOOMIs BELL, JR.

Cardiopulmonary Laboratory, St. Luke's Hospital, New York

Pulmonary vasomotor responses to acetyl-
choline (ACH) have been suggested by
studies of the excised perfused lung, and
open-chest total lhig perftisioll. However,
satisfactory separation of local from sys-
temically induced responses has not been
possible by these methods.

Controlled perfusion through a catheter
properly wedged in a small pulmonary
artery of the intact animal assures both
constant flow and preservation of physi-
ological reflexes, and permits description of
a pressure-flow curve with precisely de-
termined flows from 0.5 to 41 ml. per
minute and simultaneously measured per-
fusion pressures. Perfusion with heparinized
autogenous venous blood assures the meta-
bolic integrity of the wedged segment. A
microcatheter passed to the tip of the
wedged catheter permits introduction of
ACH directly into the puilmonary segment
with a minimum period of contact with
blood, and with precise timing of response.
ACH injected as a single bolus into the

wedged segment results in a prompt rise in
perfusion pressure. With a small dose, 0.5
to 1.0 gamma, this response is unattended
by any detectable change in heart rate, left
atrial, or systemic pressure. Choice of
optimal perfusion rate allows selection of
the most sensitive portion of the pressure-

* Presented at the Scientific Session on Research
of the New York Heart Association, Inc., held
at The New York Academy of Medicine, April
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This investigation was aided by a Grant from
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** Vincent Youman Memorial Research Fellow in
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flow curve for demonstration of this vaso-
motor effect in the individual wedged seg-
ment. With a larger dose, 2.0 to 10 gamma,
the rise in perfusion pressure precedes the
systemic effects of ACH, and is differenti-
ated temporally from the rise in perfusion
pressure which occurs during the fall in
systemic pressure.
A small dose of ACH given through a

second catheter wedged in another segment
produces no change in systemic pressure,
and does not cause a pressure rise in the
perfused wedged segment. However, a large
dose of ACH through the second catheter
will result in a fall in systemic pressure
with bradyeardia, without change in LA
pressure, and with a concomitant rise in the
perfused segment pressure. This late
pressure rise in the perfused segment is
clearly to be separated from the earlier
primary response to ACH given directly
into the perfused segment.
The "late" (20 second) pressure rise in-

duced by ACH in the wedged pulmonary
arterial segment can only be measured in a
preparation in which constant flow is as-
sured, a condition not met in previous in-
tact animal studies. This effect of lowered
systemic pressure on pulmonary vascular
resistance can probably be explained by a
carotid-sinus mediated baroreceptor reflex
described by the Dalys in 1957.
The early pressure rise seen after local

injection of ACH into the perfused wedged
segment is independent of change in any
other respiratory or circulatory parameter,
and is conclusive evidence for a primary
direct action of ACH in the pulmonary
vascular bed.
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